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ABSTRACT 



The routing paths are determined in a step-by-step nature. A 
Dijkstra algorithm is used and before labeling a link as a 
routing path, all possible routing paths which are within a 
predetermined range are compared. One of the paths in the 
range are chosen at random to be the routing path. 

14 Claims, 3 Drawing Sheets 
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Fig. 2A 
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LINKS FROM TWICE TENTATIVE NODES AND 
RESPECTIVE ROUTING PATHS ARE COMPARED TO 
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ROUTING OVER SIMILAR PATHS To begin the determination of routing paths from a root 

node to the other nodes in a network, the present invention 

FIELD OF THE INVENTION begins with the basic process of first labeling all nodes 

directly connected to the root node as a tentative node. The 

The present invention relates to selecting a commuoica- s melrics of me links connecting the root node to the tentative 

lion path in a computer network, and in particular to a nodes are obtained and compared. The most optimal link is 

routing algorithm which prevents congestion caused by the choscn ^ a routmg path . The node connected to the routing 

same paths constantly being chosen, when significantly pam is then labeled as a path node. All nodes directly 

similar paths are available. connected to the new path node, except for the original root 

node are then also labeled as tentative nodes. If one node is 

BACKGROUND OF THE INVENTION *° labeled twicc ^ a tentative node, this means that there are 

In computer networks with a plurality of nodes and a two path nodes, each with their own routing path, that can 

plurality of links linking the nodes to each other, there can t0 labeled ***** n ° de ' ^ <^ections 

be more than one path connecting one node to another. A of the twice labeled tentative node to ttese two path nodes, 

pathfomasoujce^^^ 1S * nd meir corresponding routing paths are compared to 

useajfese^ determme <*™«™ ™ uld provide the most optuna 

n odelT^shuation is similar to other forms of travel, when routin S P**-. Once the hnk providing the most optimal 

me^e_manv ^ferent routes that o'n^plake from point P ath * dctermmed that link is made a routing path 

A iololnTSHnlhT^ diSrent routes ***™* la ^ eicd ***** nodc 15 hMtd f a . rc f llar 

aie^^^uxLtfiCLiE^^ on the 20 * Qt n °? c > ** change is that as a tentative node it has a 

— — — — ~T t . , . wait until it is selected as the best from the tent nodes. One 

As computer networks get larger and larger, and as more must x ^ ^ ^ ^ ^ more men ^ aths from 

people both use the network and find new uses for the ^ ^ {o ^ ^ n ^ Sq ^ om ^ ^ a node fc 

network, the amount of traffic on the best links and nodes marked as u ^ wheQ from tfae whole 

increases dnmaticaUy. When each node desires to commu- 25 of nodes ^ ess fa repeated for each 

mcate with another node, the most optimum path is selected. labeled temative node 

As a consequence, the nodes and links which have the most ~ lt 4 « . . . , . , . 4 . A . . 

, Once all the twice labeled tentative nodes have been 

optimum metrics, are continuously selected. These nodes . , , . 4 , . . , - . . . # . 

and links therefore carry a majority of the network traffic. ***** **P ath ^ f ™ m *« """"""p «««jve 

Ttese most optimum links and nodes consequently easily 30 »°*» t0 tbeir mpe TV^ ^ J^Tl ^ 

and rapidly become congested. All this congestion in the P a ^ 316 ™. 6 J 60 ** 1 Ve °° de ^ *° ,T 

node, can reduce the performance of these nodes, not only °^F^ ™™f>™lmg bnk and routmg path a labeled a 

in forwarding traffic, but also in their local operations. ^ n ° de ' f corresponding link : » labeled as a routing 

° r path. All the nodes directly connected to this new path node 

Significantly similar paths may exist to the most optimum are men labeled ^ tentative no des, un i ess mose nodes ^ 

path where the difference between the most optimum paths 35 pam nodes 

andsijmmcantly.s^ ^ flbove ^ ^ fof ^ ^ md once 

the jsdgrtffi^ labeled tentative nodesuntil there m no longer any tentative 

P^^^^^^^iy^M-P^^ 1 S Dored - nodes. In this way, routing paths are determined from the 

As computer networks grow, the possibility of signifi- root no de to each other node in the network, 
cantly similar routing paths increases. However, these sig- ^ above process ^ ^ modified. In particular, when- 
nificantly similar routing paths will not be chosen, even if ever ^ or more po^e paths ^ compared, all the 
they are minutely less optimal. As a result, increases in possi bie paths that are within a predetermined difference 
traffic due to increases in network size are handled by the &om me most optimum path are determined and are con- 
same links and nodes and this increases congestion, when sidered t0 ^ sigQ ifi C antly similar paths. Of these signifi- 
the availability of alternate paths due to the increase in cantlv similar p aths, one nathJs thee i randonllv^hos errtp be 
network size could reduce congestion. t nTrouTm^ patL If the ran domizing is cho^n tohaTe a 
SUMMARY AND OBJECTS OF THE ^rm p,n%lBifity, the tra^^^m|5?^^ 

INVENTION cally dgtn]? r uted„am similar links. _ 

50 In another embodiment, it is possible to have the random- 

It is a primary object of the present invention to reduce weighted acrordjn^JoJtK^^ each 

congestion by selecting routing paths which can be sjg^c^rsl mflaTt^^ optimal lin k. In this 

* suboptimal, especiall y if the difference betw een jj^ptimal wa vTlhe~rn^roptimal Unks_aall sMsUcal lvIcarrv more 

and suboptimal routing pathj sjessjthan,ji^ tr affic than the other lin ks , however the ^ffic-wSl still be 

amount. 55 disbujrsed and congestion avoided. The weighting based on 

It is another object of the present invention to select difference b^tweerTlinksrand the maximum predetermined 

suboptimal paths automatically or efficiently, without the difference by which a possible path is considered signifi- 

need of a network operator. cantly similar, can be adjusted to redistribute network traffic 

It is still another object of the present invention to have and avoid congestion, 

the selected routing paths evenly distributed among avail- 6 q The determining of significantly similar, and the corre- 

able optimal and suboptimal paths. spondingly random choice, of the present invention can 

The present invention accomplishes this objective by occur during the comparison for twice labeled tentative 

modifying the way a root node determines which paths will nodes, and/or when there are no twice labeled nodes, and 

connect the root node to the destination node. The present one of the possible paths to the remaining tentative nodes is 

invention uses a Dijkstra algorithm with a comparison 65 selected. 

feature and a randomizer at one or more steps during the If the determination of significantly similar paths and 

forming of possible routing paths. randomizing is performed at a plurality of different com- 
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parison steps during the formation of a routing path from one termined range of the most optimal path. As an example, 

node to another, it is statistically possible that each random assume that path 3A was tbejnost optimal,~and,Jhe path 

choice could choose the worst of the significantly similar consis ting of link 3B, _node B and link 3D was within the 

paths and the difference between the chosen routing path, predetermined range of possible path 3A. Then one of these 

and the most optimal routing path could become very large. 5 two rx$fflfele_Daths^would be chosen at ranSonTtoTHe the 

To overcome this, in one embodiment the maximum accept- _ routing oat h from node A to node C. If the possible ro uting 

able deviation from a most optimal routing path is path having link 3 A was chosen , 3A would then bcja beled 

determined, and this amount is divided by the average a oSuTSgpa th, and link jD wouT5 be ig nored. If the pass ible 

number of links in a routing path. The result is then used to p ath mclutfinq link 3D jgas cbbsen7n5QPyj^ d be laB eled 

determine if a routing path is significantly similar at each 10 a routinjyDaJ^^ 

comparison step. If link 3A was the most optimal possible path and the 

In another embodiment to prevent the routing path from other link was outside of the predetermined range, link 3D 

significantly deviating from the most optimal routing path, would be ignored. 

the maximum acceptable deviation is divided by either the Likewise, possible paths are determined for node D, 

number of links present in the routing path considered, or the 15 which in the example of FIG. 1, one possible path would 

average number of links in all present routing paths. Also a consist of link 3C, and another possible path would consist 

default number can be used instead of the number of links, of link 3B, node B and link 3E. Whichever path is chosen, 

when the number of links is small. When the number of links the corresponding new link will be labeled as a routing path, 

increases beyond the default number, the number of links is and the other link will be ignored. Nodes C and D are 

then used. 20 considered as regular or once labeled tentative nodes. 

The various features of novelty which characterize the Again, at the point nodes C, D, F and E are all in "tent" 

invention are pointed out with particularity in the claims list, and choose one with the "best" optimize to become 

annexed to and forming a part of this disclosure. For a better marked as "path", and here consider again the 

understanding of the invention, its operating advantages and suboptimum — if in the predetermine range . . . The possible 

specific objects attained by its uses, reference is made to the 25 paths from root node A to tentative nodes C, D, E and F are 

accompanying drawings and descriptive matter in which then considered using the already known routing paths and 

preferred embodiments of the invention are illustrated. the new links 3F and 3G. The routing paths including link 3F 

to node E is compared with the routing path to node F using 

BRIEF DESCRIPTION OF THE DRAWINGS link 3G, and the best routing path to C, and D. The most 

In the drawings: 30 optimal routing path is determined, and then the remaining 

FIG. 1 is a schematic view of a plurality of nodes routing path, or paths if more nodes are present, is checked 

connected by a plurality of links; to see if it is within the predetermined range of the most 

FIG. 2A & 2B are a flow chart of the method of the optimal. If it is in the range, one of the two paths are chosen 

present invention. at random, and if it is not within range, the most optimal path 

35 is chosen. The corresponding link is then labeled as a routing 

DETAILED DESCRIPTION OF THE patn> md the corresponding node is labeled as a path node. 

PREFERRED EMBODIMENTS All the nodes directly connected to the recently labeled path 

Referring to the drawings, especially FIG. 1, a plurality of nodes arc ^ CQ labeled as tentative nodes and the process 

nodes 1 are connected to each other by a plurality of links ^ rc P eats ™ til no more tentative nodes. 

3. If node A is chosen as a root node, then in the first step FIG. 2 shows a flow chart of the steps of the present 

of the routing algorithm, nodes B, C and D are considered invention from selecting a root node, to eliminating all 

tentative nodes, since they are directly connected by links 3 tentative nodes. 

to node A. In the next step the metrics of links 3A, 3B and If the configuration percentage of similar routes, is used 

3C are compared to determine the most optimal link. If link 45 for the configuration for similar PATHS, then the above 

3A is found to be the most optimal link, links 3B and 3C are might cause a much bigger offset from the "best" path: since 

compared with link 3A to determine if they are within a this percentage is used for each node along the path, since 

predetermined range of link 3A. If link 3B is found to be each hop along the path will might choose, at the worse case, 

within the predetermined range of link 3A, one of links 3A the worse optimized path. And the accumulation of all the 

and 3B is randomly chosen to be labeled as a routing path. 5Q offsets can be far then expected (in the worse case). 

As an example, it will be considered that link 3B was There are a few solutions for the above problem: 

randomly chosen as a routing path. Node B is then made a 1) When the Net manager configures the percentage, he 

path node and all nodes directly connected to path node B should divide the percentage to the average number of hops, 

arc then labeled as tentative nodes, unless they are already so that the accumulated "worse case" percentage will not 

a path node, as for example node A which by being the root 55 exceed the maximum. 

node, is automatically considered a path node. This labeling 2) A manager will configure a default number of hops 

of tentative nodes caused by the new path node B, relabels assumed, now he can set the feature to work in "learn hops" 

nodes C and D as tentative nodes and adds nodes E and F to mode. If so, then on the first route calculation, the percent- 

the list of tentative nodes. age will be the result of the percentage divided by the 

Since nodes C and D have been twice labeled as tentative 60 configured number of hops. Then, after each route 

nodes, they are preferably examined first, but individually. calculation, the node will make a new "hops*T which is the 

The possible paths from root node A to twice labeled average of all the route hops up to now. 

tentative node C are compared. In particular one possible This way, the system will eventually learn the number of 

path is over link 3A, and another possible pair is over link hops for it's typical route destination, since it is very likely 

3B to node B, and then over link 3D to node C The most 65 that he will always route to the same bunch of destination 

optimal possible path is determined, and then it is deter- addresses, And from the hops# , one can calculate the 

mined if the remaining possible paths are within the prede- percentage for each offset from the "best". 
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Note that the number of hops is the element that can be 
used by the manager to be conservative or not in the 
assumption that the "worst case" — which is that case where 
each time the algorithm will choose the worse node to be put 
on the path, or not. The bigger the hops# is — the better 
chance is that the chosen path will be within the percentage 
boundary, Yet the price is that the possible chosen path will 
all be closer to the "real best", and vice versa. 

While specific embodiments of the invention have been 
shown and described in detail to illustrate the application of 
the principles of the invention, it will be understood that the 
invention may be embodied otherwise without departing 
from such principles. 

What is claimed is: 

1. A method for determining routing paths in a computer 
network, the method comprising the steps of: 

providing a plurality of nodes with a plurality of links, 

each of said plurality of links having a metric; 
selecting one of said nodes as a root node; 
labeling all nodes directly connected to said root node by 

said links as tentative nodes; 
labeling a most optimum link connecting said root node to 

said tentative nodes based on said metrics as a routing 

path; 

changing said tentative node connected to said root node 
by said routing path to a path node; 

labeling all non-path nodes directly connected to said path 
node as tentative nodes; 

for each of said nodes twice labeled as tentative nodes, 
determining a difference between two most optimum 
paths of said links connecting said root node to said 
each twice labeled tentative node, when said difference 
is above a predetermined difference amount a most 
optimum path of said two most optimum paths is 
labeled as a routing path, when said difference is below 
said predetermined difference amount one of said two 
most optimum paths is randomly labeled as a routing 
path; 

labeling a most optimum link connecting said root node to 
said tentative nodes as a routing path based on said 
metrics; 

changing said tentative nodes connected to said root node 
by said routing paths to a path node; 

repeating the method steps from said twice labeled ten- 
tative node until no tentative nodes are present. 

2. A method in accordance with claim 1, further compris- 
ing determining an average maximum acceptable deviation 
for a metric of a routing path to differ from a most optimum 
routing path; 

determining an average number of links in said routing 
paths; 

dividing said average maximum acceptable deviation by 
said average number of links to determine said prede- 
termined difference amount 

3. A method in accordance with claim 1, further compris- 
ing determining a desired maximum acceptable deviation for 
a metric of a routing path to differ from a most optimum 
routing path; 

counting a number of links in each said routing path; 

dividing said desired maximum acceptable deviation by 
said counted number of links to determine said prede- 
termined difference amount for each said twice tenta- 
tively label node. 

4. A method in accordance with claim 3, wherein: 
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said counting starts from a number greater than one. 

5. A method in accordance with claim 1, further compris- 
ing determining a desired maximum acceptable deviation for 
a metric of a routing path to differ from a most optimum 
routing path; 

determining an average number of links in all said routing 
paths present when operating on a twice tentatively 
labeled node; 

dividing said desired maximum acceptable deviation by 
said average number of links to determine said prede- 
termined difference when labeling a routing path for a 
twice tentatively label node. 

6. A method in accordance with claim 5, wherein: 
a default number of links is determined; 

when said default number of links is greater than said 
average number of links, said predetermined difference 
is determined by dividing said desired maximum 
acceptable deviation by said default number of links; 

when said default number of links is less than said average 
number of Links, said predetermined difference is deter- 
mined by dividing said desired maximum acceptable 
deviation by said average number of links, 

7. A method in accordance with claim 5, wherein: 
a default number of links is determined; 

during a first labeling of a routing path of a twice 
tentatively labeled node, said predetermined difference 
is determined by dividing said desired maximum 
acceptable deviation by said default number of links. 

8. A method for determining routing paths in a computer 
network, the method comprising the steps of: 

providing a plurality of nodes with a plurality of links, 

each of said plurality of links having a metric; 
selecting one of said nodes as a root node; 
labeling all nodes directly connected to said root node by 

said links as tentative nodes; 
labeling a most optimum link connecting said root node to 

said tentative nodes based on said metrics as a routing 

path; 

changing said tentative node connected to said root node 
by said routing path to a path node; 

labeling all nodes directly connected to said path node as 
tentative nodes; 

determining a difference between two most optimum 
paths of said links connecting said root node to said 
tentative nodes, when said difference is above a pre- 
determined difference amount a most optimum path of 
said two most optimum paths is labeled as a routing 
path, when said difference is below said predetermined 
difference amount one of said two most optimum paths 
is randomly labeled as a routing path; 

changing said tentative nodes connected to said root node 
by said routing paths to a path node; 

repeating the method steps from said labelling of all nodes 
as tentative nodes until no tentative nodes are present. 

9. A method in accordance with claim 8, wherein: 

for each of said nodes twice labeled as tentative nodes by 
more than one path node, a difference in metrics is 
determined between two most optimum paths of said 
links connecting said root node to said each twice 
labeled tentative node, when said difference is above 
said predetermined difference amount a most optimum 
path of said two most optimum paths is labeled as a 
routing path, when said difference is below said pre- 
determined difference amount one of said two most 
optimum paths is randomly labeled as a routing path. 
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10. A method in accordance with claim 9, further com- 
prising determining an average maximum acceptable devia- 
tion for a metric of a routing path to differ from a most 
optimum routing path; 

determining an average number of links in said routing 5 
paths; 

dividing said average maximum acceptable deviation by 
said average number of links to determine said prede- 
termined difference amount 

11. A method in accordance with claim 9, further com- 1 
prising determining a desired maximum acceptable devia- 
tion for a metric of a routing path to differ from a most 
optimum routing path; 

determining an average number of links in all said routing 15 
paths present when labeling routing paths; 

dividing said desired maximum acceptable deviation by 
said average number of links to determine said prede- 
termined difference when labeling a routing path. 

12. A method for determining routing paths in a computer 20 
network, the method comprising the steps of: 

applying the Dijkstra algorithm to a root node and a 
plurality of other nodes connected by a plurality of 
links; 

for each of said nodes twice labeled as tentative nodes by 25 
the Dijkstra algorithm, a difference between a set of 
most optimum paths of said links connecting said root 
node to said each twice labeled tentative node is 
determined, when said difference is above a predeter- 



8 

mined difference amount a most optimum path of said 
set of most optimum paths is labeled as a routing path, 
when said difference is below said predetermined dif- 
ference amount one of said set of most optimum paths 
is randomly labeled as a routing path. 

13. A method in accordance with claim 12, further com- 
prising 

determining an average maximum acceptable deviation 
for a metric of a routing path to differ from a most 
optimum routing path; 

determining an average number of links in said routing 
paths; 

dividing said average maximum acceptable deviation by 
said average number of links to determine said prede- 
termined difference amount 

14. A method in accordance with claim 12, further com- 
prising 

determining a desired maximum acceptable deviation for 
a metric of a routing path to differ from a most optimum 
routing path; 

determining an average number of links in all said routing 
paths present when labeling a routing path; 

dividing said desired maximum acceptable deviation by 
said average number of links to determine said prede- 
termined difference when labeling a routing path. 

***** 
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